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Abstract

Electroproduction of final state photons and mesons off the transversely
polarized protons using a 11 GeV electron beam and the CLAS12 detector at
Jefferson Lab will be used to measure target single-spin asymmetries. Signifi-
cant azimuthal angle dependent moments were predicted in photon and meson
hard exclusive as well as semi-inclusive cross section for a transversely polar-
ized target. Measured transverse-target single-spin asymmetries in combination
with the data available from unpolarized and longitudinally polarized targets
would allow extraction and separation of different generalized parton distri-
butions and transverse momentum dependent distributions, eventually giving
access to the the orbital momentum of partons. This measurement will also
provide a simple test of the applicability of GPD based predictions for hard
exclusive production of pseudoscalar and vector mesons at JLLAB energies.

1 Introduction

Deep inelastic scattering (DIS) has been used extensively in recent years as an
important testing ground for QCD. Studies so far have been concentrated on better
determination of parton distribution functions (PDFs) describing momentum fraction
distributions of partons in the infinite momentum frame. The use of polarization in
leptoproduction provides an essential new dimension for testing QCD. Polarized quark
distributions have been extracted from a combination of inclusive and semi-inclusive
asymmetry data [1, 2]

At leading-twist, the quark structure of hadrons is described by three distribution
functions: the number density ¢(x); the helicity distribution Ag(z), and the transver-
sity distribution d¢(x). Although parton distribution functions cannot be computed
in perturbative QCD, they are infact universal and do not depend on the particular
hard process. Once measured in semi-inclusive DIS (SIDIS) no extra input is needed
in order to compute analogous quantities in hadron-hadron collisions. However as the
results from DIS suggest [3], only a fraction of nucleon spin can be attributed to the
quark spins. In recent years PDFs were generalized to contain information not only
on the longitudinal but also the transverse distributions of partons in a fast moving
hadron. Much of the interest in Generalized Parton Distributions (GPDs) [4, 5] has
been triggered by their potential to help to unravel spin structure of the nucleon, as
they contain information not only on the helicity carried by partons, but also on their
orbital angular momentum. The QCD factorization theorem has been generalized to
a large group of hard exclusive processes [6],
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in which a photon 7* with high energy and large virtuality —¢? = Q? > 0 scatters off
the hadronic target 7" and produces a final state photon v or hadron M.
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Table 1: List of twist-2 TMD distribution functions accessible in SIDIS.

The leading twist GPDs defining the cross section for different final states are
termed H?, H?, E9, and E?, and depend upon three kinematic variables: z, &, and
t. The variable £ is the longitudinal momentum fraction of the transfer A = p’ — p,
t = A? is the overall momentum transfer in the process (p and p’ are initial and final
nucleon momenta). In the forward limit (A — 0), the GPDs H and H reduce to the
quark density distribution ¢(z) and quark helicity distribution Agq(z) respectively.
The functions E and E are not measurable through DIS. There is a sum rule [4] that
relates the second moment of the quark helicity-independent GPDs to the fraction
of the nucleon spin (J) carried by the sum of the quark spin and orbital angular
momentum:

/_11 dz v (H(z, &) + B(z,£) = 2J . 1)

Another class of nonperturbative functions that carry information not only on
longitudinal but also on transverse hadron structure are transverse momentum de-
pendent (TMD) parton distributions [7, 8]. If the transverse momentum &y of partons
also included, the number of independent distribution functions at leading twist in-
creases to six [7, 8] (three of which reduce to ¢(z), Ag(x) and dg(x) when integrated
over k7). Because they depend on the longitudinal and transverse momentum, these
“3-dimensional” transverse momentum dependent (TMD) functions provide a more
complete picture of nucleon structure. Relaxing the time invariance condition, two
additional functions (fi5, hi) are permitted, bringing the total number of distribution
functions to eight. The full list of twist-2 distribution functions ( those that survive
after the kp-integration are denoted in boldface) contributing to the double-polarized
cross section in SIDIS is shown in Table 1 (see [7]). As shown recently in Ref.[9], the
interaction of active parton in the hadron and the target spectators [10, 11, 12] leads
to gauge-invariant TMD parton distributions.

The physical picture becomes particularly intuitive after a Fourier transform from
transverse momentum transfer to impact parameter, both for GPDs [13, 14] and
TMDs [14]. GPDs in impact parameter space or impact parameter dependent (IPD)
distributions probe partons at transverse position b The impact parameter gives the
location where a quark or antiquark is pulled out of and put back into the proton. The
difference in transverse positions is a global shift in each wave function; the relative



transverse distances between the partons in a hadron are the same before and after
the scattering.

In contrast to GPDs in TMD distributions describing the correlation in transverse
position of a single parton, the struck quark has a different transverse location relative
to the spectator partons in the initial and the final state wave functions, in addition
to the overall shift of the proton center of momentum. Both TMDs ¢(z,k, ) and IPDs
gx(z,b,) are linked to the orbital momentum of partons and lead to predictions of
single-spin asymmetries (SSA) in hard scattering processes [15, 44, 7, 8, 16, 13]. It
was demonstrated recently that a nonzero orbital angular momentum of partons in
the nucleon is crucial in forming the target single-spin asymmetries. Measurement of
the azimuthal angle distributions of observed photons and hadrons in hard exclusive
and semi-inclusive leptoproduction allows access to both GPDs and TMDs|[44, 10, 13].

Large beam SSA were measured in deep exclusive electroproduction of photons
(DVCS) both at HERMES [20] and CLAS [21]. HERMES collaboration presented
recently first results on transverse target SSA measurements providing a first glimps
of the GPD E and contribution to orbital momentum from u-quarks [22].

Recently, significant SSAs were reported in semi-inclusive DIS (SIDIS) by the
HERMES collaboration at HERA [23, 24, 25] for a longitudinally polarized target,
the SMC collaboration at CERN for a transversely polarized hydrogen [26], and the
CLAS collaboration at JLab [27, 28] with a polarized beam and target. Single-spin
asymmetry measurements in SIDIS opened up a unique possibility to access T-odd
distribution functions in semi-inclusive DIS [10, 11]. The flavor dependence of the
corresponding functions[31, 32] is the main focus of experiments with 6 GeV electrons
at JLab, 27.5 GeV positrons at HERMES and 160 GeV muons at COMPASS, using
various polarized and unpolarized targets.

CLAS12 with a transversely polarized target will allow simultaneous
measurement of beam and target SSA of different final state particles
including photons (DVCS) and pseudoscalar and vector mesons in a wide
range of different kinematic variables.

1.1 Current Fragmentation in SIDIS at 6GeV

Important issues at low beam energies are the separation of current and target
fragmentation regions and the presence of factorization when the quark scattering
process and the fragmentation process factorize, and the fragmentation functions
depend only on the fractional energy, z. At low beam energies in DIS the current
fragmentation region (CFR) is contaminated with events coming from the target
fragmentation region (TFR). A nice graphical representation of different regions as
a function of relevant kinematic variables z, xr and 7 is available from Mulders and
collaborators. At low z and zp and rapidities n < 1 a significant overlap is expected
of current and target fragmentation regions (see Fig. 1).

Factorization in z-distributions of pions was studied using the the 6 GeV data from
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Figure 1: The SIDIS kinematics at W = 2.5 GeV. The kinematic variables are defined
as follows: z = £, zp = p*pL and 7 = %l”?jf-
L
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CLAS[28] and Hall-C[29] experiments. No significant dependence within statistical
uncertainties was observed in z-distributions for different values of z.

1.2 Transversely polarized target

The preliminary studies are showing that it is technically possible to run a po-
larized target with CLAS12. In this case the Solenoid magnet and central detector
will be removed and replaced by a standalone polarized target, similar to the exist-
ing polarized target used in electron scattering experiments. As the magnetic field
orientation is transverse to the beam direction the electron beam will be deflected
vertically. This will be compensated for by installing a magnetic chicane upstream
of the target so that the beam after the target is again in the horizontal plane. Spe-
cial care is needed for the shielding of electromagnetic background, especially Mgller
electrons.

There is currently a transverse polarized target under study for use in the 6 GeV
program with CLAS in Hall-B. The target concept is such that it can be operated
with CLAS12 as well. The target will have a warm bore for the target cryostat that
also allows detection of slow protons in specially designed magnetic field insensitive
detectors located around the target cryostat.

The kinematic coverage for the transversely polarized target is shown on Fig. 2.
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Figure 2: Kinematic coverage with transverse target (electron angles below 22.5°).

2 Semi-Inclusive Pion SSAs

Single-spin asymmetries in SIDIS give access to distribution and fragmentation
functions, which cannot easily be accessed in other ways. The list of novel physics
observables accessible in SSAs includes the chiral-odd distribution functions, such
as the transversity (dq) [42, 43|, the time-reversal odd fragmentation functions, in
particular the Collins function (Hi") [44], and recently introduced [15, 45, 10, 11, 12]
time-reversal odd distribution functions (fiy, hi).

The SSA in the sin  moment of the cross section for unpolarized beam and trans-
versely polarized target is defined as:

<SiIl (b) ur 1 Eii:: SiIl (bz (2)
(sin® p)yr  PEN= N sin? ¢’

where P and N are polarization value and number of events for corresponding
polarization state.

Af? =

A detailed study of Q? and x5 dependencies as a function of the azimuthal angle
¢ will allow the separation of contributions from different mechanisms.

2.1 Transversity and Sivers function

The leading twist transversity distribution §q[42, 43] and its first moment, the
tensor charge, are as fundamental for understanding of the spin structure of the
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Figure 3: Projected transverse spin asymmetry from the Collins effect (A?}I}(¢+¢S )) in

single 7 production with CLAS at 11 GeV.

nucleon as are the helicity distribution Ag and the axial vector charge. The transver-
sity distribution dq is charge conjugation odd. It does not mix with gluons and for
non-relativistic quarks it is equal to the helicity distribution Aq. Thus, it probes
the relativistic nature of quarks and it has a very different from g¢; Q? evolution.
Its first moment, tensor charge is reliably calculable in lattice QCD with 6¥X =
Y f Jo dz(8g; — 6qy) = 0.562 + 0.088 at Q> = 2GeV?, which is twice as large as
the value of proton axial charge [47]. A similar quantity (62 = 0.6) was obtained in
the effective chiral quark soliton model [48].

At leading twist, the effect of quark transversity can be measured via the azimuthal
asymmetry in fragmentation in SIDIS [44]. For transversely polarized targets, several
azimuthal asymmetries already arise at leading order. Four contributions related to
corresponding distribution functions were investigated in Refs. [44, 7, 8, 10, 12, 46]:

oir’ o ASry(l—y/2)cos(d — ¢s) Y egrgly(2) Di(2), (3)
oin? o Sp(1—1y)sin(¢ + ¢g) > egxéq(:r)qu(z),
9,9
+ Sr(l—y+y?/2)sin(¢ — ¢s) D esafis (@) Di(2), (4)
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Figure 4: Projected transverse spin asymmetry from the Sivers effect (A?}I}(‘p_d’s )) in

single 7 production with CLAS at 11 GeV.

+ Sr(l—y)sin(3¢ — ¢s) Y. e2xhif (x)Hi(2), (5)
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where ¢g is the azimuthal angle of the transverse spin in the photon frame and D{(z)
is the spin-independent fragmentation function.

The first equation for the transversely polarized target describes a double-spin
asymmetry giving access to the leading-twist TMD g{(z) appearing in convolution
with the unpolarized fragmentation function D{(z) in a cos ¢ moment of the cross
section. Significant asymmetries were predicted recently for CLAS12 [53] (see Fig.5)
providing access to gir(z), describing longitudinally polarized quarks in the trans-
versely polarized nucleon.

The latter three equations describe single-spin asymmetries involving the first mo-
ments of T-odd Sivers distribution function and Collins fragmentation function inte-
grated over the transverse momentum of initial and final state quarks correspondingly.

The sin ¢ moment of the SIDIS cross section (Eq.5) with a transversely polarized
target (opr)[49] contains contributions both from the Sivers effect (T-odd distribution
convoluted with D{(z) )[15] and the Collins effect (T-odd fragmentation convoluted
with transversity)[44].

Contributions to transverse SSAs from T-odd distributions of initial quarks (
fid(z) term) and T-odd fragmentation of final quarks ( Hi(z) term) could be sep-
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Figure 5: Predictions for the weighted double spin asymmetry Ap; for CLAS at 11
GeV [53]

arated by their different azimuthal and z-dependences.

The full acceptance coverage in ¢ provides redundancy in the data in that the
interdependent spin and spatial asymmetries are measured together. The method of
extracting the analyzing power was chosen to exploit this redundancy in a way that
simplifies the evaluation of the systematic errors.

Projections for target single-spin asymmetry measurements with CLAS at 11 GeV
are plotted in Figs. 3-6. The curves are calculated by Efremov et al for z > 0.45 and
the missing mass of the e'm system (Mx(n") > 1.1 GeV). The projected error bars
have been calculated assuming a luminosity of 5 x 103*cm 257!, with a N Hj target
polarization of 85% and a dilution factor of 0.14, with 2000 hours of data taking.
The asymmetry is integrated over all hadron transverse momenta. The extraction
of the transversity from A%:¢ could be performed using parameterizations for the
unpolarized distribution functions u(z) and d(z). and certain approximations for the



polarized Collins fragmentation function Hi-.

The target single-spin asymmetry from polarized quark fragmentation extracted
for CLAS12 kinematics at 11 GeV is plotted in Fig. 3. The estimate was done
assuming dg ~ Ag and an approximation for the Collins fragmentation function from
Ref.[50]. Additional cuts were applied on z (z > 0.5) and the missing mass of the
e'mt system (Mx(n") > 1.3 GeV). The curves have been calculated assuming a
luminosity of 5 x 103*cm~2s~!, with a N Hj target polarization of 85% and a dilution
factor 0.14, with 2000 hours of data taking. The asymmetry is integrated over all
hadron transverse momenta.

The measurement of transversity is complicated by the presence of an essentially
unknown Collins function. Recently, the Collins function for pions was calculated
in a chiral invariant approach at a low scale [33] and it was shown that at large
z the function rises much faster than previously predicted [50, 51] in the analysis
using the HERMES data on target SSA. It was also pointed out that the ratio of
polarized and unpolarized fragmentation is almost scale independent[33]. Significant
asymmetry was measured by Belle [38] indicating that the Collins function is indeed
large. The transverse asymmetry measurements were performed at HERMES[24]
and COMPASS[37]. Significant asymmetry was observed for both Collins and Sivers
effects at HERMES [25]. However, the statistics is not enough to extract the corre-
sponding distribution and fragmentation functions.

Significantly higher statistics from CLAS12 data, especially in the large x region,
will enable the extraction of the z and Q? dependencies for different azimuthal mo-
ments in a wide kinematical range allowing to reveal the source of the observed SSA
and extract underlying distribution functions. The extraction of the Sivers function
from 1000 hours of CLAS12 using the 7° production (CLAS12 with IC setup) is shown
on Fig. 6.

The measurement of the transverse asymmetry from the Sivers effect (see Fig. 6)
with 70 will provide model independent extraction of the Sivers function. Further-
more, measurements with proton and neutron targets will provide a model indepen-
dent information on flavor partners of the Sivers function.

The wide kinematic coverage of CLAS12 combined with high beam polarization
and high luminosity allows precision measurements of semi-inclusive processes in the
target fragmentation region (TFR). The TFR corresponds to the backward hemi-
sphere in the CM frame requiring negative values for the Feynman variable, zp,
defined as a longitudinal fraction of the hadron momentum in CM frame.

Presence of asymmetry in parton distributions due to orbital motion of polarized
quarks leading to observed asymmetries in hadronic distributions in current frag-
mentation [25] will lead to similar asymmetries, but with opposite sign for hadronic
distributions in the target fragmentation region. A projection for measurement of
Sivers asymmetry in target fragmentation for 2000h of CLAS12 running at lumi-
nosity of 5 x 10%*1/sec™*em™2 is shown on Fig. 7. Curves are calculated using an
approximation for Sivers function extracted from pp SSAs [52]

10
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Figure 6: Projected transverse spin asymmetry (Ajp”) in single 7+ production with
CLAS at 11 GeV.

Measurement of non-zero SSAs in semi-inclusive DIS of pions in target fragmen-
tation region with a transversely polarized target will ensure that measured SSAs at
HERMES and CLAS12 with transverse target are driven by the Sivers effect.

3 DVCS

The hard electroproduction of real photons (DVCS) is one of the cleanest tools in
the problem of constraining GPDs from data. Extraction of GPDs from the DVCS
data requires measurements with different target and beam polarizations. First mea-
surements of the DVCS process for unpolarized target most sensitive to the GPD H
was reported by ZEUS [54], H1 [55], HERMES [20] and CLAS [21] collaborations
presented the first results on DVCS measurements. The DVCS SSA, with longitudi-
nally polarized target, which is most sensitive to the polarized GPD, was measured
for the first time by the CLAS collaboration [57]. HERMES Collaboration presented
first results on DVCS SSA both for longitudinal and transverse target polarizations
[58],[59]. The DVCS SSA for transversely polarized target is most sensitive observable
to the elusive GPD E, providing access to the orbital angular momentum.

There is a number of theoretical uncertainties in phenomenological predictions for
DVCS. Apart from the basically unconstrained shape of GPDs, which one models on
the ground of previous theoretical considerations, these are higher-twist and -order
effects, which alter the handbag approximation. The former include the dynamical
and target mass corrections.

11
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Figure 7: Sivers asymmetry in TFR for different hadrons

Consequences of the target and lepton beam polarizations for accessing the gener-
alized parton distributions from experimental measurements of the azimuthal angular
dependence of the final state photon or nucleon was presented in Ref. [56]. Several
sets of asymmetries, defined as Fourier moments with respect to the azimuthal an-
gle and which allow for a clear separation of the twist-two and -three sectors, were
introduced. The differential leptoproduction cross section was extensively analyzed
with power accuracy for all polarization options of the lepton beam and target. It
was pointed out that the most favorable physical observables to unravel GPDs from
cross sections are spin-azimuthal asymmetries. These asymmetries allow us to ex-
tract separate components of the angular dependence of the cross section and, in this
manner, to project out distributions carrying information on the orbital momentum
of constituents in the nucleon.

The five-fold cross section for the process e(ki)h(Py) — e(k)h(P2)v(ge) is,

2

T

e3

do _ adzy
drdyd|A2ldede 1672 Q%1 + €2

This cross section depends on the Bjorken variable z, the squared momentum transfer
A% = (P, — P,)?, the lepton energy fraction y = P, - q1/P; - k, with ¢; = ky — ko,

(6)

12



and, in general, two azimuthal angles. The € = Zx%. The amplitude 7 is the sum

of the DVCS Tpycs and Bethe-Heitler (BH) 7gy amplitudes. The azimuthal angular
dependence of each of the three terms is defined

= \7T3H|2+\7BVCS|Q+I; (7)

where 7 is the interference term. These terms could be presented as finite sums of
Fourier harmonics:

6 2
|7]3H|2 = 22y2(1 + 62)222 P1(6)P2(0) {COBH + ;CSH cos (ng) + 3]13H sin (d’)} B)
[ Toves|? = 2;2 { AT [ DVES cos(ng) + spVOs sm(ngzﬁ)]} , 9)
n=1
7= e {CI +3 [CI cos(ne) + s sin(n¢)]} (10)
P AP()Pa(g) | ° b " ’

The cross section for a polarized target is given:

do = dO’unp + COS(O) dO’LP (A) + sm(0) dO’TP((p) s (11)

where the polar angle # appears in the decomposition of the spin vector S = cos(8)Spp(A)+
sin(0) S, (®). The same decomposition was used for the Fourier coefficients.

The four Compton form factors (CFFs), H, &, H, € directly accessible from the ex-
periment are given by a convolution of perturbatively calculable coefficient functions
and corresponding twist-two GPDs [56]. Eight observables, namely the first harmon-
ics cos(@) and sin(¢) of the interference term, are accessible in polarized beam and
target experiments. Thus, experiments with both longitudinally and transversely
polarized target can measure all eight Fourier coefficients cf 4 and Si 4 and with
A = {unp, LP, TP,, TP,}. Extraction of CFFs using measured azimuthal moments
cf 4 and s7 4 is straightforward:

—(F + ) GCLP + % (foP - C’%P—k)] + FZC%“—P—} )

£ = (12_—;;1){ l4; ~h - (24%2;;2 Fll I+ % (F+FE)  (13)
X (a:CfP — C%P+) + 4A—M;F1C%p_} ;

H = (12_%{(2 — D) FiChy — a(Fy + F>)CE, + [QZM Rt le

13



x (2Cfp — Chpy) } : (14)

5 2—x [4M? 11—z 4z M?
£=4 _x)D{ Ao (Fi+F) (2L, + Chp_) + l4 — P — =5 F1| Cip (15)
4(2 — x)M?
SR
where

AQ A?nin

where real and imaginary parts of C} are defined by corresponding cos(¢) and
sin(¢) moments of the interference term (cf , and s{,). The CFFs £ and & are
dominated by azimuthal moments s{p, and cf rpy accessible only with transversely
polarized target.

For a polarized beam and target with all polarization options, the real and imag-
inary part of all four CFFs in the twist-three sector can be extracted from the inter-
ference term alone by projection onto the cos(2¢) and sin(2¢) harmonics and using
Egs. (12-15).

The procedure of extraction of the sin(¢) moment through measurement of SSA
with unpolarized and polarized targets (A?}I}?LU,UL) is the same as described for
SIDIS single-spin asymmetries. The projection curves for CLAS12 running with
a transversely polarized target have been calculated assuming a luminosity of 5 x
103*cm~2s~!, with a N Hj target polarization of 85% and a dilution factor 0.14, with
2000 hours of data taking and an overall efficiency 50% (see Fig. 8).

Transverse target DVCS SSA measurements in addition to unpolarized
SSA and longitudinally polarized SSA measurements will provide the full
set of data needed for the extraction of CFFs and corresponding GPDs.
Ayr is especially sensitive to the GPD FE, and as such will constrain any
extraction of the angular momentum J .

4 SSA in hard exclusive meson production
The hard exclusive leptoproduction of a meson M from a nucleon target N,

U(k1)N(Py) — (ko) N'(Py) M (go) (16)

is a promising process to test QCD in exclusive reactions, as well as a means for
studies of the properties of nucleon to hadron transitions.

The amplitude for hard exclusive pseudoscalar meson electroproduction off nu-
cleon was calculated in QCD within the leading c,inQ*/A3CD approximation and

14
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Figure 8: Projected transverse spin asymmetry (A?}I}¢) in exclusive photon production
at 11 GeV. All points correspond to different values of J, calculated for the bin with
with < ¢ >=0.5 < Q? >=2.6 and < z >= 0.25.

significant transverse spin asymmetries were predicted in distributions of final pions
[34]. This dependence is especially sensitive to the pion pole dominated spin flip GPD
E. Tt was also argued that the scaling for the spin asymmetry sets in at lower Q% than
that for the absolute cross section. Perturbative next-to-leading order corrections to
the hard exclusive leptoproduction of 7+ mesons on a transversely polarized proton
target were evaluated by Belitsky and Muller [60]. It was shown that corrections can
be large and there is a significant scale dependence. Even though for the longitudinal
polarization of the virtual photon the amplitude is dominated by twist-two contri-
butions the predictions for the cross section suffer from theoretical uncertainties (see
Fig. 9a-b). The theoretical uncertainty in the factorization procedure on the ampli-
tude level is translated into large variations of the physical cross section. However, in
the single-spin asymmetry, given by the ratio of the Fourier coefficients of the cross
section, the ambiguities approximately cancel. Thus, the perturbative predictions for
this quantity are rather stable. The NLO effects result into ’_LZ?’% corrections to the
LO prediction for 0.1 < x < 0.5.

The GPD based calculations were performed for the case when the incoming
virtual photon is longitudinally polarized. The cross section for the transversely
polarized photons is suppressed by a power of Q[6], but at CLAS energies it may
still be significant. Insensitivity to the higher order corrections, is making SSA an
appropriate quantity for experimental studies at JLab and will provide an important

test of applicability of GPD based predictions at JLab energies.

15
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Figure 9: The leading twist predictions for the unpolarized photoproduction cross
section do™ /d|A?| (in nb/GeV?) at Q = 10 GeV? [60] are shown for A2 = A2
and A? = —0.3 GeV? in the panels (a) and (b), respectively. In (c) and (d) we
display the transverse proton single spin asymmetry A, for A? = —0.1 GeV? and
A? = —0.3 GeV?, respectively. The solid, dashed and dash-dotted curves represent

the LO and NLO with the naive and BLM scale setting, respectively [60].

Even though the power corrections for the absolute cross section of exclusive
meson electroproduction analyzed in terms of generalized parton distributions are
expected to be large, there are indications of a precocious scaling in ratios of observ-
ables [63]. The measurement of spin asymmetries could therefore become a major
tool for studying GPDs in the Q? domain of a few GeV2. Projections for CLAS12
for measurements of transverse asymmetries for vector mesons are shown in Fig. 10.
The transverse asymmetries for rhos (neutral and charged) are widely accepted as an
important souce of independent information on the GPD E. SSA measurements in
hard exclusive processes will allow mapping of underlying GPDs and provide access
to orbital angular momentum of quarks.

The data from CLAS transversely polarized target on hard exclusive

meson production will provide a test of GPD formalism applicability at
CLAS kinematics
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Figure 10: Projections for transverse target asymmetry for exclusive p’ production from
hydrogen target (filled squares) using CLAS12 compared to preliminary HERMES data
[62].

A key goal of measurements with a transversely polarized target is the simulta-
neous measurements of the Q? and zp dependencies of azimuthal moments (SSA)
in the cross section of exclusive and semi-inclusive photon (DVCS) and meson elec-
troproduction off the transversely polarized target and extraction of corresponding
distribution functions (GPDs,IPDs, TMDs).
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